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[0001] *mwi-±. mmn&mkm*#irz¥mi£mwi&vz<DMfejjmz.m-tz>i><r> 

Xh<9. mz x m&mkRXfiffltmmk&$mi-ZMOSFKr (Metal Oxide Se 
miconductor Field Effect Transistor) {£{1IJ~3"?> 0 

[0002] V?>i/**(DmMkfrT&& CMOS (Complementary MOS:ffi#iMOS)r 

[0003] *9>v?- Y%mz.m \t ^W^LTfi, M^JS^M^^fe^v^tt^y^W 
W4&f***bT^.5>^ VN-r^W«^^S^{C*JV^, NMMOSFETS. 

t>*p^MosFETwu^v ^mjE (vth) ^^w-i^-rsc^ pit g-efrim 

[0004] CMOSFETtd*5V^T±0. 5eV^T<^btVMtffi;/E(Vth)^^mi-5fci46{C{i % 
NSMOSFET-Cfi, ^mm^V^> (Si) (D^yV^yZf (4. 6eV)^T, 
IX «U 4. 4eV^T<Z>Wr£, PMMOSFETTfi, tt^gil^SiOvyK^y:^ 
4. 6eVm_L, S*U<«, 4. 8eVl^±OTO^— hm@^V^^^Sfc-5 0 

[0005] ZL(Dtz£> „ ft*Sft*iB(6kSr«fo/£:fta<O^JRfc«V Mio'^^NilMOSFET, P 
MMOSFETW— hWBUC^^VetuttV <fc<? % CMOSFET<OL#V 

[0006] &*fcf?J:tt.U^ ZHMk*>y=»V(SiO ) i^fifcUc*:/*^ (Ta) htV 

2 

#A(Ru)<ZHt*K^te^*1^;ft4. 15eV£4. 95eVX'fcV. ^<Z>~ 0<£>&Jl/6> 



- 1 - 



2 

[0007] $.tz, poly-Si®fii^-y^/KNi) % ^y^K (Hf) x 9^7 Kt^ (W) KkX^Z 

[0008] ##f^^i^2^t^*^#|«^3(^$^rv^6CMos^7^> ? x^(7)Kff® 
[0009] imic^-rcMosh^v^f*. -vy^v^ii, ^yn^s^i^f^^ttfc^ 

SrimtL-Cl^o IgUtC^-fJ:^ HtWj&^^te:, N^MOSFET<bPMMOS 
FET£#^J&£*ir0^5 0 NMMOSFET&tfPMMOSFEm, ^ft-Ol^ 

3, 24t. ^—hmm23, 24(Dmm^m^—bmm7t, ^-vrnmi^m^x, y» 
^mm^m^titz^^^yB^mnmM^6k, ?— vwmonmz.^ ^x 

[0010] V—h&mmSte-mfryy^yiSiOjfrbttZ. N^MOSFETOy— h«;43l23 
3&saA$*VfcNi^i;f-WK(NiSi)*»b*5. &tts PMMOSFET£>y-hfl;@24te, 

&&.7<£WtNv>V-V-'r K (NiSi) a>b&$„ 
[oou] wOJ:9^y-h*feigyg3S.t^y-hm«i23, 24^fflV^^t(Cj:l!), MWBo> 

[00123 *fc, raxfittntt. V-hUmmkVXSiON&m v >fc#-g\ ^-MBBteurflaR 
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£*LfcNiSi£NiSi ©tt*it)5^Wtl| ! )4. 6eV, 4. 45eVXfoZ^ktffflm£ 

2 

[ooi3] &2t± % %Fnxffiiizmmt$titcCMosh7>i?x?(Dm&mx*h2> 0 

coon] 02{c^-rcMosh7>'v j ^tt. ^y^gtsi^ ->y=^s«itw^$tt, m 

[0015] ^MMosFET(o^—hnmn^>^^>m27k^n^mo^y^^-^v^ 

KI^25<b*^^D x P^MOSFET(D>> i -hm^{i^^^V)^26^tb^p^>- 
^r^Ig|27^£>&<5 0 

[0016] ^id^-rcMosb^vv^icfev s "C(*. y— hmM<Dttmz?^y 

N^MOSFETS.D«PMMOSFET(OUt V HfiWE (Vth) Sr^i" 

[ooi7] "t-**?*,, *is?*7>w&fcti&i>'4r*T> • fyiM'Kflifc^iE cJtiu, ^eom 

^JBIfc*:KJES**-C, N^MOSFET^igi^PMMOSFET^^^^^^-7 1 ^- -> 

y^Kiwmn^^^-^^^, *>*v^ ^^x^^-ixy^K^m^^^^ 

^WXiBtl : #BB 2003 - 258 1 2 l^fg 
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-fv?ji^.h (International electron devices meeting technical digest) 200 
2. p. 359 

-Yv^cXh (International electron devices meeting technical digest) 200 

2, p. 247 

ftm^XWa : >fV*— f S^'A' • xwbny- • -TV ~ii As? 

--fv^cXh (International electron devices meeting technical digest) 200 

3, p. 315 

[0018] U^Ufc/^ ±e<oaWfCW:-t*v^ix£ilTro«t5*raJB^* s #SE-rS. 

[0019] »*5tt*M*&»o^^©^«*fctt^*f^0^tt5^iT/u^/vy— h 

[0020] ^«4fc*«K— ^4xfc->y K«ffit?U#v vfgmffi (Vth) S^Wf-SttW 

[0021] y-hma^NiSi^NiSi bxftQ#vzz&z£<>xft&mmzmm&Ttz>m®te 

2 

s ^mm^mt^^iiit^mm^i^^^x^, pmmosfet— <d 
y , mm^mmm & tux una t v ^ ras ^tttx v ^ 0 

[0023] WVJJ^KOiB^tt:Wt*B8ftfc#y=T>feB8«J;:*>a*:Je>, *fi;&i:btf>fc-f 
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[0024] £fbt^ wM<bSi^^^$^TSi^S^i^v^wv/y^K^^i-5^, y-h 

ley- h««ro^3te< th mmtf-hmm&\z.m-rzmmv>m£& . MxS \ _ t (° < * 

[0027] ^|Sii5^m^^fe^«*Hf*fc{iZr^tp^«b/550 \, 

[0028] flfiaiNMfrSSIttWu ^|BK^m^ffe^i:«rlEy-h«©i:wra^Hf*yt«Zr 

[0029] i&iBiSisim^ii&^t*, M^tis ^v^mtmhv<i^yv^wtmtjmt. m> 

[0030] tl9IBift»«*i(6lidKttHf SiONSr^wii$»*Uf \ 

[0031] wia*i»«:36iit±, m&ft&wmmtm&-hntet<Dmziuisioitm& 
[0032] *m;mm*fftHRtt« m%.&. ^v^mm^v^-t^v^mmtrnt. Hfsi 

[0033] MfE&JlMf*. ^y^>f^a*^s^tB^s>svU^>rKS^J*U^5&JR-CS>5 
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[0035] m&&mM&~v^Mm)vhziyyvjh*<Doh, mm^~mmm\cmi~^M 
®<Dmf$.&NiKSi (o<x< i) xmztizkz, p^^±(D^—hmm^^ti 

-g'*tbSH^^fe^y1^^K^*iv^r«o<x^o. 5xfoz>z.bmT-*^\ 

[0036] p^^/v_b©^~hm^^m5tUI2^y^K^^ '>^<«J:tH&iay-bilfeii; 

3 

[0037] ^y^g^ MiBv-y^^s^_h(c^^^fcy-h^^t 

3 

x^t?i/v^vxmf&£ftzzk*®mki-z^mftmw&mii-t% 0 
[oo38] MiEy-h^j^fi. &jigHb^ -km^v^-K ■&mmmhv<te&mi'Vir 

[0039] MISi«^m¥^J^ttHf *fc«Zr^t?^ <t > 0 

[oo4o] m&^mto&mt, mt&mnmmmmmbffti£?-hmmb<Dm\zHf&tcteZT 
[0041] ffimmBmm%Mmh mz.t£. ^)^mhm^<m^])^mmtmt, nth 
[0042] mmnmnmmmmteHf sioN^tf r. ttm *uv \ 

[0043] BttlB^ffSlfllti. WKi*Rm*l6IWt81rEy--h«tti:©IBfcHfSiONS4: 

[0044] msMtimfflumti. mz.it. ^v^mitmh^t-yv^^mtrnt. msi 

[0045] MIB^— hiili, fclfctf* P^MOSFETtcffi i/ ^*v5ri:;W *u \ 

[0046] *369J SbKl, flWBy~MJ6IWR±^#3|S«^y =>- (poly- Si) &*S8tU W 
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^&mwD^m<D7~hmmz.ttiT.-rz> nut , hmm± 
Kmm&mMZf&mirz nut s mtv- tmsadfeMMSr^a-t-sr t 

P^^/Mf^-tKl^Tte, &&^>V^t&mMtfr&fcL,Xi/VV-Wt 

vfc.m\zffim7—hmmmz.mttm®mmtfMxsi co. 5<x<d tfcz&o 

l-x 

y^K^tU^tC^IE^— Hilfe»RK:g?-t-Sfia«6ro3a*dcASMxSi (0<x^0. 5) 

l-x 

t^^mmt2t^^t^w^ti-^±^<D^mi^mu(Dm^m^mmi-?> 

o 

[0047] ££>ic % bUie^- t£#*t a i/y =* >&mmu mm&m&^v 

^*mm<o-*mw— vmm km i-r 5 xm^ . wis^- Mt*_L»c=«/*yu (ni 

^^r^/^^X^*5V ^TB, ^^V^t^y^t^RmVX^V^h'itVtz. 

mmuy—hmiffli&\zmttmm<oi&f&&i*rx.si (o. 6 s x < d ^awftnt 

1 — x 

*>rK^b^^^^— HJ»»JR^«i-5««OJ(iafife*SNixSi (0<x±S0. 5) 

l-x 

o 

[0048] *58«t±, mmY-mm.m±^m^yv=r^mmu im&m&fv 
^s&fimo-^WiW— hmmfctiajjtzTMk, m^—vwm±.\^y^ m 
) m&j&mr&jmb. m^-hmm^mm^y^m^m^m-r^zt\zi:^ 
*c„ ftfiiB^*-hmig^^Nr>'yi>--rK(NiSi)t^--5xat, vw^wtue^ofc 

3 
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[0049] , ^ia^^^/VJ^Oj^ffTNitH5flB#^^-^y=iV<D^TSii:^>J:b€rTNi 

3 

[0050] #J;tf±\ WiS=y^Mc^l^j?TNi<bHf)fB^^^y^VOj^Ji:TSi<i:Oi:b?:0. 5 
5^TNi/TSi^0. 95<b-T5r<i:(Cj;«9 N NiSiffi^^^tU-C'&tj'mIia^ i -hm@ 

[0051] 0!|;tfif * Wia=^^/l-^<Dj^Ji[TNitHuia^^^y^V<7)|^Ji[TSi^<7)it^O. 2 
8^TNi/TSi^0. 54<!;U ri>o, ^y^hM^fcfecoMS?a^^£c650^J^ 

[0052] B&iH^SM^fcfiHfrfS^y^/wM^M-t-^xmf*, 0iJx.fi\ n7-**/um*±£ 

^W'#LT££#i£f(cl£ltJl£ffMU ^^(C, Jg|J£tl-t2&i|i8rr5X@a> 

[0053] MfafeifcEfrlt/ifcmfE&JSM^y^ 

[0054] MfEMtBfr.lt JI fiTiN^c{*TaN$r^^^<h-r-5^<?:dW*UV \, 

[0055] frfs^yi^wt^MJiMJi. mm*mte^w<Dmkm^*?mmmj& 
[oo56] £<bici, Bftisy~h^«±{^y^y=i^*6mb, Mia^y^y^^ 

tBy-hm^tt&Niv-yiMK (Niso ^-rsxat. v-y^-rK^b^^^ofc-^^ 

XV vy^XDj^iPTSi^^Jt^TNi/TSi^ 1. 60t^5^<t^mii-^±ai^^ 
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coo57] ^mmm\'^^x, ritmwi (High-k)£i±, -m^—vmmmtL.x 
vtm^m v Mbnrv ^-mt^m (sio ) a>ibte5ii6$wRfcE8iji-3fca k/b v ^ 

2 

2 

r^r^S *imtt£Z>o ^.(Dttlsbs PMMOSFET, NSMOSFETO#^r ^ttbT^ft 

mm<Di/v^vmmzftm-tzztK£r)^ ^-^-rx^iibfcb^v H&m& (vth) 
[0059] Z(Dm. isv^h~<Dmm*yv^h'&m&^z±W£@;&tt ^.to-c u as^- 

[0060] £fc, y-H^M-L^poly-Sim^^ 

[0061] m <D'&&m<DCMosFET<DMm mx$>& 0 

[®4]^0J(D^-(D^M^^5CMOSFETO^^^^^^S^-X^<l:^-r 
CMOSFET^KffEH-efoSo 

[®5]^0J<^^-(^>^^J(^^CMOSFET^*5^T, Nr>yt^K^#ISiffi 

\^rt&mmm (xrd) ^t^-r^-K^msi (rbs) oa'j^^*^^-^^ 
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lcS5fl|ftW^-t?*>5HfSiONJBISr«fflLfcCMOSFETtri3»t5y-h$*(C) 
k¥- hMS. (V) ^H^^TLfc^7-efc5 0 

i/ (Ni + Si) <t<7> Ufc0-C*>5. 

o 

m 12]Jt 1 iC jolt^PMMOSFET^-h^* (C) - hUffi (V) #1±T*& 

So 

[HI 13]P§!iS.t^NMMOSFETOC-V#^^#y t cSiO HHi^NiSim^ttNlt 

2 

[0062] i v-y=»^s^ 

2 m^mm 

3 ^-M&ftffll 

5 ^v^mm 

8 y-x-Kwytti 
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9 &JR1£ 

10 v'yiw/i 

11 mmmmm 

12 mi&mm 

13 i£«ik® 

14 fg2&JSJg| 
19,20 ^— MWB 
18 HfSiONJ^ 

[0063] *»Wtt, MOSFET(Dit^i4ti^^^i$i^5it5Mm^^ f -^^^$rffiV^fc 

[0064] roiS^fi, Hf SiON^±tCpoly- Si®^£r?£/&Lfc<h# \Z.^^>mUy^^ 
^<D^^^(it^Jilc*5V^-c^-t-5)i:K^fe(9 s r.o«fc5*tfc*B8«c» 

[0065] -ttefrib. smuwrn v ^inwrnaKr* ^^m^a^u-c^Hf si 

[0066] *3B^K:*5V vctt, <StaT?poly-SiSr^^|i'>'y^K^bi'Swt^"C#5 

[0067] ^ftfftWi. poly-Si^vW^Rte-raMtt, y-^-KKyfetl©3W 
^^{-^^i^r^^^M^yi^^K<D^m : Srii^^^v^?a^-e&535075S 
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coo68] *mw^&\,^xiL ^(Duj&ffim^^^xsmfemti^^g&mt&m 

[0069] roj;5^^M^V^poly-Si«a^v'y^K^i-6^<t^J; , 9, SBl^l: 
[0070] JW±£^ v'y^KtCibntS^JlMirLTfi^y^CNi) *Wmx*foZ 0 NiSrfflV > 

[0071] Nr>y^KO»fife«:, *E*Lfc«*j6»€>* / >^<^HfSiON«{^i-^«(D 

1— X 

[0072] Sb»Cfi*L<tt*HfSiONJitC^5«#©|&jfciWixSi (0<x<l)Tr^£ 

l-x 

tb^i:^ v PMMOSFET^y— h^ffilCfflV^SNi^y^KtfJiO. 6<x<0. 8T*£> 
9x*^O x NMMOSFET<oy--h»8g{CffiV^Nr>y-^-<K-X?{iO. 3<x<0. 
*>S£i:tfSSM;LV\, rtbfi, Ni<0!|£iBi*Br±, ^i:U-C % NiSi , NiSu Ni Si , Ni Si. 

2 3 2 2 

3 

[0073] *a^bTtt» HfSiONJitCgSi-S««©3|ia^}65NixSi (0<x<l) 

l-x 

X-mZtlZkZ, PMMOSFETOy-hW^dfflV^Niv^yih-l'KT'^O. 7<x<0. 
8X*&K>, 7&><\ N^MOSFET<Dy— hmUl-fflV^NiVy-^-rKTffiO. 45<x<0 
. 55X&Z>Z.tl>m&V\t\ i"*tot>» PS»MOSFET^>y— h«^(^^4x5>"J-^ 
^Kd5Ni 3 Si1lSr±fig^tUT#^ N NMMOSFET^^— hm^^-aS^v-yiJ-^ 

[0074] ±|5^«fc5{w, y— ^-Ki^-f>imii©=^^MH«^*snTv^s^jis/y^ 
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X'i/l)^ (si) <DJft£tf«i*v ^£Jltl£&«<Z>fc£j&s?S;v ^S4a<^P«o**r^i-5w 
) , 6& (Pt) , =r/</UK (Co) , (Ti) , /n^^^A (Hf ) , /<-TWJ* (V) x ^'<Jl> 

[0075] *fem % *»WK:*SV^t4» MMtf>»ricfcJ:MxSi (0<x< 1) T^ftS^ 

1— X 

[0076] r©«t9*^«^^:-t-4feJR^yi>--rK^fflV^i:^J:9, %3fefflV>e>ft-C£;fcpoly 

[0077] (i) ^5t5^^y^Km^^«mu^^o}t^^m^^-h«m±{cio(t6ti:*M 
[0078] (2) vy^hniaj«&^y^K©3iSfi*B^j«i^*rfc^^|g^fc9. *>o % >>y^ 

[0079] (3)&mV-y?-tei/V-V-4h'&m^^^t^£.<0, tt*H»KOSeSl*B : S\ S^a^©^ 
[0080] (4)£JRy^^>*JlNrKfcffiV>5£fcteJ:9 % iSMcOv-y^K^T'nir^fflv^ 

[0081] (5)?-hmM(n7cmmj$&£tt>&m*ft^K.ito, m^(DXoi^—mmm± 

[0082] (6) ^y^-rKf^Mxa-e^y^KT'n-fe^ffiv ^c^-e£. ^—hmm<D^m 
[oo83] ±fBoi&^-m. ?—hmM(omf&^te&n<Dmzx\8i<D<frmz.^\,^xtz 
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[oo84] ar, gi®^#mb-c, ^0^<z)H»!j?rm^-r^o 
mmm 1 

[0085] IH3f± x ^IS^O^— (DmMMiZ.&Z>CMOSFET<DWTMmX*&Z) 0 

[0086] ^H^J^^CMOSFEm^y^^^i^^x^Ds r<Dv/y3>-£^l<D^ 

[0087] NMMOSFETfi, ^y^VS^li^^^^fc^-h^l^tL-CWri^kv'y 
^(SiCOJlS,^ Si0 2 «3_h{C^^fcHfSiON®18t, H£SiON®18±iCJF^ 
J&Ztlti?— hmmi9t, *<mx.X^Z> 0 NMMOSFETi^fctt^y— hffifiil9(iNi 

xsi (o< x ^o. 5)-e^/&£*i/tw5 0 

1— X 

[0088] P^MOSFETfi, ^y^l/Wfcl±.\zMf&iSfrtz.rMik^V^S\0 mzt. SiO 

2 2 

® 3±{rff^$^fcHfSiONli 18£. Hf SiONJi 18_h(^^H^y-h*H20i 
, ^#^L-CV^ 0 PMMOSFET^&ttS^— hmM20(iNixSi (0. 6=gx< 1)X 

[0089] fcis, «-r5«£9(~ % N^MOSFEmr/PMMOSFETfCjo V Hf SiON® 1 

[0090] ^TfC^-<a«atf±NMMOSFETiPMMOSFET<b-r^3l-C^fca6, NlM 

OSFET\£ML-X(DZ*m>W-tZ> 0 
[0091] Si0 2 ®3, HfSiONJSl8&U^-bmm90{^£[SA,T\ »>!>=^»gl Jifc 

[0092] '>-!)3ysfii©$iiitfi % hmmnomm^ ^v-^^miotm^^vx^^ 
5 0 *fc, s^yavafetEiortiBSfcft, y—vmMiwfflmi^ ^^^is^nm. 
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[0093] m4 (a) JbW (j) tt» *HJS^J{^^CMOSFET(7)®lit^-}fe{Cio}t-5=§-Xg^^ 
Lfc8(T®lll-efc^ 0 WT, El4(a)7!>3§(j)£#H8L-T, ^HJfi^J^^^CMOSFET 

[0094] ^mmm\zm^>cMosFETff>mm:ijm\c^x^ mmwMi&nMi&m^ ^ 

£-fr5r<^nJW«£CMP (Chemical Mechanical Polishing) &.ffi&m V >T, N 
M&tfPSlMOSFE'ttH^SH-So 
[0095] &T.m4(a)^1-£0lZisV^>mmnmmmmz.STl(Sha]lov, Trench Is 

oiation) %m*m ^xm*5rmm2&mi&i,fz 0 
[0096] vr % m*ttmm2\z£mm£tifzm*Mj&mmft tern ^x, -yy^mm 

[0097] y-mmm3^m^^m^Hf^tci±zvxh^t7im^ \ m^zr 
^^Mmmm^mm^m^<Dm^m^ML.x^x^tmm^m t P<7>m'^: 

[oo98] tstb\^ mmm^mmm^h^^-bmmtm^xHfh^i^zr^^m^m 
i-zz.t&m^\ v-hmmtztn^'t^mmmmtcDm.^K^, mos 

[0099] $b^0*b<(*.^y3^^^b<«^y=x^^^M^f^X.THfSiON^ 

s&j&j&isX^^m^te^xte, mmit<Dti&>^ hmmm3<D^m^u h 
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[oioo] ^mmm^^^xit, ?-h&mm*<DHmmm£%fa\c%i\,^x&<tL>xis 

[0101] r^i^^HfSiONJjllS^WcfeJC^-f x 1. Qr>xa<D^)=>mkikW&T&J&l, 

v^^^^stafettfc^-^, Hfsio^^bfc 0 ^<a@L NH ^ffl^lnc^T 

3 

J^^900^T- 1 0^<7>^bT=-/^m \ Hf SiON^l 8$r#fc 0 
[0102] y-ha^^3±iC % HC^^nm^yv-y^^Cpoly-SOJ^^^lSOnm 

[0103] z.<Dmmm*. H4 (b) (ctjhm;?^ vyy?^— ^mm^K^-^^^y^ 

^(Reactive Ion Etching :RIE)&flr£:JBV^ h*^4a{^PXU 3\^¥t 

[0104] £^c, D4 (c) \z7fk-t&o^ ^y^i/mkmti/v^mkw&mfcmm^ 

o 

[0105] ::<^ffliXfS^r:*-:/a:A£m\ 4*^*mmktS J £Z>tz&><DT~-;v*:mx^ 
[0106] #Ct£, E4(d) (CtjH- J;5(C x */<y*KJ:0* *$20nm(D^J^9^^®^ii^b 
[0107] [214(e) {^iM^fcl, tUf^KgfCiD, ^-hmi!l9, ^-h«7& 

5vLiri^#5NHr/>'yiH'K (NiSi) Nr>y-^-fKOf<:^ l 9{c:Co^y-9--fK J ^ 
[0108] 1214(f) ^-Ti^^.CVD (Chemical Vapor Deposition) SHilioT 
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[0109] ffcwe, in»ii^cMP^iiaor, 04(g) izm-tx?^ w-mtu £ 

[0110] &fc: x 04(h) {C7^-t~ y— hm^aco^y^yn^j^lir^vy-^-r K£fl2/££ 

«IBl«Jj|12«r^iBlc««Ufe 0 
[0111] »i^«J!!li2^^jRtt^y^y3vK4^y^K^^^|Bjfe4fe«, Mittf 

> Ni, Pt, Hf, V, Tu Ta, W\ Co, Cr, Zr, Mo, Nb^^n,k<D^&<7}cpa>ibitiR 

f&ztix^ ^m&tz. Niy-f^y^K (Nisn tetct ^y-* • h'^^mmstm, 

[0112] i©XS^*5»t5Ni*»fe*5jei^JRJ«l2<Z>|»¥t2tb-CH[, #!JVy=xVjK4i:Ni 
#+#K:&J&bT^y^Kteb«^^ 
NixSi (0<x^0. 5)t«:5J:5*JI»?S:K^rs 0 

1— x 

[0113] #£L<te. ^^^K{kSi&«<^>yif-^KJ«*SNiSitBt>b<W:NiSi tS^^c^ 

2 

i/y-y-^KMOHfSiON±Wtt^M^4. 4#ig4. 5eV^Ig^-e#^/c>?>-efc5 0 
**S6«|C*5V*-CHU ^l&M^12tbT, DC-^^hn^ysV^^(cj;t) % 22n 

[0114] £<b\z^ mi&mmi2kLX(Divm±^ m<omk&&±ttitto<DiimBJ3±mi 
[oils] fomm±mi3tvxte. ^~hm^v^^±^v^h-^^fc.^<Dm^ 



[0116] £p>tci, i/vvwkLrz&mRxfimmmt&miuz.ttLxteWtm±mi3&mntfi 

m*m&: 3oomxmm ufc 0 
coin] m4ti)\z.7jk~$-£?i^ vy?77*-&ffiRmiiEtiim$:mi^x, pmmosf 

tons] ^(Dm, m^tci/})^h*&Mj&£vzmi&mm2kmm(Dm2&mmi4Z£ 

[0119] rcoX@(Ciott5^2^Jl)^14i:bTONiM^)^/¥tl<tbr{i, fc£i&:l»li:Jil3c£> 

1-x 

(0. 5<x<l)^6ii9^J?tl^^-r'5o 

[0120] »^l<(±, vy-^-rK^sCTtDv-y^K^^— h$&mmicmLx\<^mm<D 

Mf&^NixSi (0. 6 ^x< 1) £&6£5&lgl?tl£i£^-r£ 0 rttti. Ni*gj£j&*Si 

1— X 

mj&<D2fe&±X&ZNiisV^b~<DWSiON±<Dttlgmm±4. 6eV«±-efc^,fc 
[0121] *e>K:#*L<MU ^y^K-fbSJK«©^^KBIdSNi SitBSr^fe^iL-C-^tf 

3 

J3fcRfftl£:KJ£i-S. C*U*. Ni Sift&^#£LT^t?S^iMK0>HfSiON 

3 

[0122] *£ttfc0!llC:|3V*TWt, DC-v^bd^^s^ife^O. £Eiftt?l&2£JRffl|14fcU 
XONiJ»44ninfiJa!IUfco ^ot, PS!MOSFET««^i3ttS^--M6»IBl3 Ji 

MOSFET^^feJtSy-h^l^3±-T?«l£tS:K±®13<Z)T^^l^JSJ^12 
tbT<ONiM(J^Jlli22rlm)<D^A^>y1^-^'K'^kK^&l^ll#i* ; 5o 

[0123] #-Yfflm3±&tfy*>ya>mtm&mmi2Rxfin2&mm4&i'v 
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[0124] *ni&Mfcteb^xi-±, y-^-K^v^fcji8{c?f^$ti-cvN5'>y^K«io<b. 

[0125] Z.<D%&#miZ.£.<0, NMMOSFET^^cl^^V^Tfi, 22nm<D^l&JSJiill2<tbT 
, PMMOSFET^^fcV^-Cti. 66nm<DNilgl2, 14t40nm<D7tf!J v^=2 Vfi|4<h 

^it^x^-bmmm3m.±i^x-yV'^^i^H? )a 

[0126] C*U-cW. IH4(i) {CTF-t Nm.MOSFETmm^^ s Xi-±^f—hm,Ul9t)K 

PMMOSFET^Sl^tCio V vCWtf* — MMg20^j££ frb5 0 
[0127] PMMOSFET^l?«|5]Cl^^yi/y^^4^MU-C^T-t^Ni<7)4^ 

^<^6^{C N NMMOSFETM^Niv-y^K^— h«^19 £ fct)'bNi(7>^^>0S 

[0128] ®5ftu NiZsV^V<D&f&M,mz.$;tfZ>xmiB}Vf (XRD) W7f K^2f$C 

sl (rbs) <Dsy^m^^-r»si-cfe5o 

[0129] ^5(^i-J:9t-, *HWJ{C*3Jt6Nil»(DMJ5^i3V^{i. N^MOSFETM^c 
ONii/y^Ky— h«@19fiNiSi^-— tS^fe?), Ni/CNi+SOm^lt^O. 5 
Xhoti 0 ~tl\Z.ttVX. PMMOSFET«g^ONr>y-9-^Ky-hma20ttNi SitB 

3 

[0130] a^^>MS^^Ti/y^^HbSi^b^^ofc^PJ(DNiMl2, 14S.T>*TiN 

mi3it. m.m^mit7^myi<.m^m^^x^ ^yh^y^^x^^vti 0 

[0131] Jbs5©#XS«rilUT. y-h«^19, 200fiJgf|{^ofc<iS^^^iO-o 
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20 

[0132] lZk±<D£iftJLU*m&LkKL£L H4(j) Ul^i-JSK:* NMMOSFET^tigc^Pl? 
MOSFETtB*gEt-CJa^clfc«)ft/j:ofcNi7/l'^j;f->fK®ffil9, 20^oCMOSF 
ET£^J&Lfc D 

[0133] m^i-=t?i^ Nv>v-y-^\?<Dm&m^ ^v^v^m^^mmLtcNm^m 

[0134] 





T N ./T a , 


0.3 3 


0.6 7 


1 . 2 0 


1. 8 0 


(« ft) 


6 5 0 


N i S i ^ 
+ N i S i 








6 0 0 


N i S i 








5 0 0 


N i S i 


N i S i 




N i S i + 
N i 3 S i 


4 5 0 




N i S i 




N i S i 4- 
N i 3 S i 


4 0 0 




NiSi 


N i S i 


N i S i + 
N i 3 S i 



[0135] 36W#H\ NffiMOSFETfflmffifcL-tNiStfBSrJH V ^Z>m&ia*. ?— V 

Si Ni Ni Si 

3 

Nl Si 

[0136] tcfdUNisim^±^ti-^v^^tm^Nm<DmmiT )§t /t 

2 Nl Ni Si 

[0137] $e>lC % Nr>-y-9--rK^tt*g8^C^^-t-SNi/ (Ni+Si) JSa^ttt. NiSi , NiSi, 

2 

Ni si, Ni sitet*<Dm&mz&m\£&&&&mz.®:&z>tz#>, mcm&n&nzi 

2 3 

[0138] J^iKDj^^UC, NMMOSFET^Ii^tPMMOSFET^i^^-CNii/y-^-fK^y 
-MtffifcLT, ^ttbro^-hm^romj^tbdWi 1 ?. PMMOSFETffiNiv-y-9-^r 
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MOSFET£r#6r<b3S-C#6 0 
[0139] 06tt, *^^Jl^oTNr>y^-rKy-hm^^flj^^J^Pb, M6»B&3 

(Ci^^m W^-CfcSHf SiONlKSriSffl LfcCMOSFETtC&ttsy— hSfi: (C) 

k#—hW£ (V) t(D|g^$:^Lfci/77-C^ 0 
[0140] m6\a±.<y-hWis»^l&(DW.&(T )£NilBS(T )<Dbt(T /T )^0. 33 % 0 

Si Ni Ni Si 

. 67, 1. 80Tfife5*a-OC-Vftj»*S^$*t"CV^5 o H6fc^i-J:9t^T /T <£> 

Ni Si 

[0141] 07te, ^y^^^KmHTj^m^ofctt^sg^Niv-y^Ky-hm^m^ 

JfcNi/ (Ni+Si) k<DMU&7Fl>tc&<D-?&% 0 
[0142] H7»C^Lfc3ffl<^^JJ:^t-6Ni/(Ni+S0Jia^t^7&^**L^4xNiSi , NiS 

2 

3 

<PI8»Ht«l4. 5eV£&^ Ni SiT{itfc*M^tt^J4. SeV^So 

3 

[0143] H8f±, CMOSFETOL^V HttftJE (Vth) t^-Y^U^m^ &b<D&&&7Trf? 
[0144] ±i&Uh J:9^tt*M^^^T?t5CMOSFET^>U#V ^fl£«ffi (Vth) 0$£IS 

f±, f-^^1imm\zM\.X. ms<D&o\z.f£Z> 0 -rtett^ NiSi(tt*PIIS:{*^)4 
. 5eV)fe5V^fiNiSi 2 (f±*:g||^a^4. 4eV)*^5Nii'yi^Ky— MWttN 
MMOSFETK, Ni Si(tfc*M$fcraS&4. 8eV) a>kfr5Ni^yiMKy— MMttN 

3 

[0145] 09«, NiS&y— hTO^UfcNMMOSFETfCjoltSKW^m^^y— hmjEE 
[0146] H!9lC^^tL6ct5fC, NiSi^y— hm^^LfcNMMOSh^v^^ob^vMitm 

ee (vth) «ni8iwiov ^x^mztitci,& MKma= (vth) tm^(7Mt^ox\t ^„ 

[0147] Sbld, lEIlOK^tLSJ;^ b7^i?*?<D*rvyT&m&bpoly-Si/SiO <D 

2 
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tons] &>±.£9 % *MMfflx^Ltcmsi?-mmtHfsiONy-hfemmt&m^'8tt> 

[oi49] mint. mmmiKM-rz>it$£mi(nmmmx-3bz> 0 

[oi5o] rnm^-r bbmmuz.&^xi*, ^-bmmm3^mmmmm^h^mtLx 

fcstt^-Mttfe 1 ten + * y iyv^>mmxh<o , pMmosfet^*5^^'- mm 

[0151] ^-h^M3(DffM*-ef±^ii^Jit|5]CxaS:«b, tfV^V^&i&mLtz 

o 

[0152] z<d^ ^»iii^c^j*w-Maa^7^^b. y-*-vi"(^%mms(DM 

f&m-<y— hmfi!21 N 22<7^y>>y^>U:^M^£fe1ifrWt 0 SAi«, NIMO 
SFETffl7Ky^y3^||^21(Clfiy>-(P)^3E15(cin" 2 ) , PMMOSFETffi/-Kyv-y 
=^«^22lCfcfc**iif (B) £3E15 (cm -2 ) tLfc, 

[0153] ^^e^ut^ mmmitmmcoD-])^vT.m\^. y~x>vu^& 

WLmSRtftfV^J^lsf-bn^U 22{CNr>y^K^fifebfe 0 ^t^«y- 
bmM21 , 22_h^>Nr>yi?->rK{4^-h^j^3^tt^bTV n&V \ 
[0154] |2|12fcJu ^c^J;p^b-r^mUfcM:|fe^Jl{c^(^PMMOSFET^y-h^a(c) 
-y-hm/E (V) ^l*tn?$>5o 

[0155] y-K«^2i x 22i^y^y:n>'£fl3vvo^fci?>. tso^gft^^?), stefi 
^^cfev^TEOTr^5^->'^^^-A^i^J^^^^-r^fi^t:^^c T v^5o £*b 
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■C*50,PfgMOSFETOL#VHttt£ECVth)*S-l. 075^-0. 8Vm&<n±$t£ 

tmm2 

coi57] muc^L,tz.&mw&mMmii£tt^zttmm2t^xm\'^ <> 

[0158] Jttfc«2tei8VvCW:» mi{C7jH\fc5l£. M&Hagl 3(C~>]J 3 V > 
[0159] y-M6^3^UT3nmCO^^b^ffiV%, HJfi^ll^^J«*#jfe-CH4(g)(0 
[0160] ffiAili, y^(P)Xt)«*!>*(B)fct>K:, 07?/S5E20(cm- 3 )fc&5J;9lC'£<fb£ 

[0161] 013W\ Pl^tfNMMOSFET<OC-V#f£;6^#7cSiO flH.L<ONiSi®*lcD 

2 

[0162] ^^tu^^K— X*^x.ert{Cj:«9, 4. 475^4. TeVcOfSffl-ett*^^^ 
H1~5^:fr<. U^VNfjt«BE(Vth) OflflftlfcflltLfc^/vy— hCMOSFET^r^ 

[0163] aaru ^^©3ig*tt^-hi6»itiiSio 8 «:ffl v mj-*«»e 
^iSi^i-5^ll^fcsism^mf^wcMOSFET^(iiiffl-t--5wt«-e#^v\ 

[0164] z.vmm&te&'tz-ftib. it&M2<Dy-hmwtm3&, mmmi-nmrnvtc^v^ 

[0165] BUSt^iM;?^ V-Xmz£{b-f, HfSiONm_L^NiSim^Ott*MI^{i4. 

5eV^— ^fc5,HfSiONJK±WNiSi^©^«<felrJ:^*ffift^Jfl5-rar 
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zzktf-zmv&>z 0 

[oi68] *fc, mtf* ^-h«MRKJi©2Ki; ->y=»>**jwt'>y3^ni«*«u.. fcsv >f± 



- 24 - 



25 



mm^-hmm(D^£<t^mmy-hmmmcm^mm(om^7!)K M X si (o 
<x< i) x~m£tiz>&mM<Di/yy-4b°$:±f$,frk\^ 

[4] mmmnnmmmmtK i/v^mkw&^tzi/v^mmtmk, Hftixfizr 

So 

[io] «WB^*M3a«=y^ (Ni) x-ih&y^Y . wi^—vmmmzm-t^m 
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26 

*fctf>fflj*asNixSi (o< x < i) -?m&tiz>tz. p7-*&\'±<Dy~bitm\c$&*i 

^■*ttSS9i2^y-^>rKlct5V^-CH:0<x^O. 5-efc^«i:S:^t-r5it*<7)|SH^ 
9«KfB«<tf>¥#fl^@o 

)m^-r6^{CjoVNT, Ni a SitiSr^^L-C^, n=?-+*/u±<Dlf—bW& 

3 

[15] Ml5i«^m^^tMfBy-hm@i^^^Hf^c«Zr^tP®^-r^w<b 
[16] #Iiai^^«^^#^ % ^ya^|ft^iaj|feU<H:*>'y3^a['fkMI^. HfblXfiZr 

[17] MfBiiS^m^^^HfSiON^tfCt^^m^i-SW^cD^ia^lS^^fB 

[is] mw.mmmm^mtm^—mmt(om^nfsiONm^^'t^mt 
[19] w^ift^m^ife^Mds, -y])=z>-m[:mb\,<i^yv^mmit,mt, HfsioNjti 
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[20] Hutay- MWtfPSMosFE-mjs v ^nz^k&<&qkk-fz>m$:<D%m%i 12m 
[21] me.^-mmm±ic^^yv^> (poiy-si) ^mmu mz^&isv^z 

1— X 

MxSi i x (o< x ^o. 5) btez£?tmmt2k^%^k£&mb^&m&<D&mmiT& 

[22] mu^ t -bmmm±ic^mM l ^v^^mmu m^m^v^^mm^m 
hmm ^nx-rsxg^ 

{fc^Niv-yiMK (NiSi) ttSIgi, 

ffifE^y^JKOBOPSr. p^r^/H^JiKi&v^-ai. ^&i'V='i'b=-v'r/v 
k&5ifo\.XisVVWkVitmziiim#-h 

(0. 6Sx<l)t&3«£?frIBIfftl£U n^-Y^/v*^-±tc*5V^-C»4, gWBrfi^ya 

x 

^^NixSi i _ ]t (o<x^o. 5) ktez&temmt2kttzb&m&kttn&(oim 
[23] ffi^^— hffiiw±ii:^je«^y3^s^ti(ruv mt^^^v^^mm^m 
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fl^Niv^lMK (NiSi) t-tZTMt, 
jlfjfB-^/MgcDJjg/f:^ p^-^/^^±(r*5VNT{i, ^-^^y^vt^^^u 

3 

2 

1. 60k-fZ>Z.klz.£<9^ Ni SiffiSr^^^bT^t?MIEy~hm«IS:#-5r^«r^ 

3 

[25] MIE^^^/U^^TNitffiia^^S/y^^^TSi^^tt^O. 55^TNi 
/TSisSO. 95£i-<5£fctck»J % NiSitBSr^^^bT'&tf^flB^— h«««rl|«w 

[26] mm^y^im(DmmTNikmW.^^miyV^<DmmTSik<D^O. 28^TNi 

/Tsi^o. 54<bu a*o % z/y^wk<Dit&<Dimmmm&mBs65o&!z±b-fz> 

^k\-X<0, NiSi «&^^fcbr^trfltrK^--h«ffi*»5wi:&<Hf«fci-5ft*: 

2 

[27] 8K?B^JlM*^:«MIB=^V'JKSr^-rsxm*^ 

n^^/v^^_birp^-Y^^^±{^i¥t2$ritabfcm.n^^^/^^-±{c 
O^JRM*fcf4^y^i/^»bTS^itttfcKJt»S:^b, -tO&fcl. OTtl 

[28] twrefettg&jhjiasifflte&*^ 

[29] MIE^mB5Jtjl7)STiNayt«TaN?:i^^-t-r^w«i:^ijtmi:-rsSSl*^$5ffl^ 
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[30] B&fe^yiMKte<at&&ss^ 

[31] m^y-v%imm±{z.tf'>yv^$:mmu Mfztfv^v^zwrm.^mntf- 
mm^-bmm^^y^jv (no mz&m-tzxMt, 

6ob^^b^mmb^m^<Dmm^i2m7b^m2om<r>^ti^-mK^m<7)^ 
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55 $J » 

y-MtftHSx.* PMMOSFET-C^mrfS^:l|MW^!;-9--rF^ x >0. 5, N^MOSFETT* 
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1/10 
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2/10 



[03] 




NS2MOSFET 1 PSMOSFET 
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3/10 




4/10 




5/10 



[IH6] 




hHJE (V) 
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6/10 



[07] 



> 



5.0 



4.8 



4.6 



4.4 



4.2 



0 0.5 1.0 

ffirittb Ni/(Ni+Si) 
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7/10 



cms] 



1.5 
1.0 

S °' 5 

V o 
_^ 

to 

-> -0.5 
-1.0 



-1.5 



NMMOS 



1 

tt*Htt (eV),, 
4.5 




10 15 10 16 10 17 10 19 10 19 
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8/10 



[09] 



3.0 



m 



K— 5xl0 17 cnr 3 

- N^MOSFET 



2.0 



^ 1.0 



IL. 



1/ 



NiSi/HfSiON 
■ 



0.5 1 1.5 
f— h^E (V) 
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9/10 



cm io] 



1000 



CO 

E 
o 



m 100 



mm 



10 




o 
■ 

o 



NiSi/HfSiON 
P0ly-Si/SiO 2 

NS2MOS 



0.2 0.4 0.6 0.8 1.0 1.2 
MM (MV/cm) 




NI^MOSFET 



1 PUJMOSFET 
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10/10 



[012] 



2.0 



£1.5 
o 

LL 

M 1° 



ps^mos 



I 0.5 



0 



Poly-Si/HfSiON 



-2 0 2 

Y— hft£ (V) 



ciai3] 



4.9 



». 4 7 



4.3 





IOS 










OS 




















-NiSi 




















1 / 


/Si0 2 - 
































-/ l 






NiS 


i/HfSiC 


i 















4.9 



4.7 ^ 



4.5 



pro 

ICS 



4.3 



543210 12345 
B & Aft (X10 20 cm- 5 ) P >£Aft (x1 0» cm-') 
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